ABSTRACT An experiment was conducted with 240, 1-d-old, male broilers to investigate the effects of Saccharomyces cerevisiae (SC) cell components on the growth performance, meat quality, and ileal mucosa development. There were 4 dietary treatments, each consisting of 6 replicates. Whole yeast (WY), SC extract (YE), and SC cell wall (CW) were added at 0.5, 0.3, and 0.3%, respectively, to the control starter and finisher diets. From 0 to 3 wk of age, a lower feed/gain ratio (P ≤ 0.05) was observed with CW, whereas the WY-fed birds at 4 to 5 wk of age showed a lower feed/gain ratio compared with the control. From 0 to 5 wk of age, WY and CW gave higher BW gains than did the control. The shear force of raw drumstick decreased in the WY treatment relative to the control, and YE and CW treatments were intermediate. The shear forces in cooked breast and drumstick in treatments WY and YE decreased when compared with the
INTRODUCTION
Saccharomyces cerevisiae (SC), one of the most widely commercialized types of yeast, has long been fed to animals. Results of earlier studies with yeast fed to chickens, however, have not been consistent. It has been reported (Bonomi and Vassia, 1978; Ignacio, 1995; Onifade et al., 1998) that feeding yeast to chicks improves BW gain and feed/gain ratio. On the other hand, Madriqal et al. (1993) failed to observe a positive effect of feeding yeast on BW of broiler chicks. Kanat and Calialar (1996) reported that active dry yeast effectively increases BW gains without affecting feed/gain ratio in broiler chicks. In contrast, To whom correspondence should be addressed: leebd@cnu.ac.kr. 4 Present address: Division of Animal Disease Diagnostics, National Veterinary Research and Quarantine Service, Anyang, Gyunggi-do, Korea. 1015 control. The amount of 2-thiobarbituric acid-reactive substances (TBARS) in the breast meats of WY, YE, and CW were lower than the control at 10 d of incubation. In raw drumstick meats, TBARS values were lower in treatments WY and YE than that of the control at 6 and 10 d of incubation. At 10 d of incubation, skins from YE and CW treatments had lower TBARS values than did the control. Villus height was greater in WY and CW compared with those in control and YE. No differences were found in crypt depth among the 4 treatments. The villus height/ crypt depth ratios in WY and CW were greater than those of the control and YE. It could be concluded that dietary yeast components, such as WY or CW supplementation improved growth performance. Meat tenderness could be improved by the WY or YE. Both YE and CW had oxidation-reducing effects. Yeast cell wall may improve ileal villus development.
supplementation of yeast to broiler diets improves feed/ gain ratio but not growth rates (Valdivie, 1975; Onifade et al., 1999) . Recently, it has been reported that yeast could be an alternative to antibiotic-based drugs in feed in broiler chicks on new litter (Hooge et al., 2003) or on recycled litter (Stanley et al., 2004) .
In addition to growth performance, there are trials showing that enrichment of diets with yeast could favorably improve the quality of edible meat from broilers. For example, edible meats from broiler chicks fed a diet containing chromium-enriched SC exhibited increased tenderness (Bonomi et al., 1999) and increased waterholding capacity (Lee et al., 2002) . The effect of SC supplementation on oxidative stability of chicken meat has not been extensively studied, albeit there are indications (Meyer et al., 1994; Ampel et al., 2000) that SC may have an antioxidant property. Thus, the present study was conducted to evaluate the effects of whole cell, cell wall, and cell content of SC on growth performance, various meat qualities, and ileal mucosa development of broiler chicks.
MATERIALS AND METHODS

Birds, Diets, and Experimental Design
Two hundred forty, 1-d-old, male broilers (Ross strain) were randomly housed in wire-floored, suspended cages in a temperature-controlled room. All procedures were approved by the Animal Care and Welfare Committee of our Institute. Continuous lighting was provided throughout the experimental period. Room temperature was gradually decreased from 32°C on d 0 to 25°C on d 21 and was kept constant thereafter. There were 4 dietary treatments, each consisting of 6 replicates with 10 birds per cage. The 4 treatments consisted of a control, 0.5% whole yeast (WY from SC), 0.3% SC extract (YE), and 0.3% SC cell wall (CW). Broiler starter and finisher diets were formulated (Table 1 ) and used as a control diet (SC 5 Choheung Chemical Industrial Co. Ltd., Ansan, Kyunggi-do, Korea.
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Stable Micro Systems Ltd., Surrey, UK.
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Polytron, PT-MR 2100, Kinemacia AG, Switzerland. 0%). Yeast additions were made to the control diet at the expense of soybean meal for WY and YE and at the expense of corn for CW. Samples of WY, YE, and CW were provided by a commercial company. 5 The colony-forming units of WY were counted to be 1.3 × 10 10 /g. Feed and water were provided ad libitum throughout the 35-d experiment.
BW and Feed Intake Measurements
Birds were group weighed by cage at 1, 21, and 35 d of age. Feed intake was monitored by cage at 21 and 35 d of age. Cage was the experimental unit for performance.
Collection of Meat and Skin Samples
On the last day of a 35-d feeding trial, one bird from each cage was selected at random and euthanized by cervical dislocation. Immediately after slaughter, the entire breast and drumstick meats (with skins) were sampled. One half of the raw breast and drumstick meats sampled were stored at 4°C prior to the measurement of shear force. The rest of the raw samples (i.e., breast and drumstick meat) and skin samples were stored at −20°C for the lipid oxidation assay.
Measurement of Shear Force
To measure the firmness of breast and drumsticks, raw and boiled meat samples were cut into squares (35 × 25 × 6 mm) and then subjected to the measurement of shear force. An application of cutting force to the meat samples was performed using a TA-XT2 texture analyzer equipped with a TA-7 Warner-Bratzler blade 6 (Yoon, 2002) . Three shear force values (kg) were recorded for each replicate sample and averaged.
Measurement of TBARS Values
When required for analysis, raw breast and drumstick meat samples that had been stored at −20°C were thawed at 4°C and homogenized. Four subsamples, weighing approximately 2.5 g, from each of the breast and drumstick samples were weighed into 50-mL screw-capped centrifuge tubes and then incubated at 30°C for 0, 3, 6, and 10 d. After incubation, each subsample was immediately subjected to a malondialdehyde acid (MDA) assay to measure the extent of lipid oxidation. MDA, a secondary oxidation product, was determined (Sushil and Meliss, 1997) . The amounts of 2-TBA-reactive substances (TBARS) were expressed as milligrams of MDA per kilogram of sample. The measurement of oxidative stability in skin samples was the same as outlined for breast and drumstick samples except for the homogenization step. Intact skin samples were incubated from 0 to 10 d. Immediately after incubation, skin samples were homogenized Means in a row with no common superscripts differ significantly (P = 0.05).
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The 4 experimental diets were as follows. Because whole yeast (WY) and yeast extract (YE) are rich in protein they replaced soybean meal. The cell wall (CW) is rich in carbohydrate so that it replaced corn. The control diet contained 0% Saccharomyces cerevisiae WY (0.5% WY at the expense of soybean meal); YE = 0.3% yeast extract at the expense of soybean meal; CW = 0.3% yeast cell wall at the expense of corn.
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Values are expressed as means (±SD) of 6 replicates per treatment. There were 10 birds per replicate for 0 to 3 wk of age and 9 birds per replicate 405 wk of age.
Measurement of Ileal Mucosa
At 21 d of the feeding trial, one bird from each cage was selected at random and euthanized by cervical dislocation to sample 5 cm of the middle ileal segment between Meckel's diverticulum and the ileocecal junction. They were fixed immediately in formalin for the measurement of villus height and crypt depth, which was also used to calculate villus height/crypt depth ratio (VCR). Samples were fixed in formalin, dehydrated with an alcohol-xylene sequence, and embedded in paraffin. Three pieces of 5-µm slices were prepared and stained with hematoxylineosin. Villus height (µm) and crypt depth (µm) from each slice were measured in approximately 59 microscopic fields by using an image analysis system.
8
Statistical Analysis
All data were evaluated by one-way ANOVA using the GLM procedure (SAS, 1998). Significant differences of mean TBARS values among dietary treatments were analyzed by repeated measures and Tukey's test in the GLM procedure. The level of statistical significance was preset at P ≤ 0.05.
RESULTS AND DISCUSSION
Growth Performance
The results of feeding WY, YE, and CW on the growth performance of broiler chicks are shown in Table 2 . During the 0-to-3-wk period, a lower feed/gain ratio (P ≤ 0.05) was observed in CW-fed birds compared with the 8 Image-Pro, Media Cybernetics, Inc., Silver Springs, MD.
control, whereas WY-and YE-fed birds had intermediate values. BW gain was not significantly different across treatments. From 4 to 5 wk of age, the BW gains by WYand CW-fed birds were greater (P ≤ 0.05) than those of the control birds, and BW gain in YE-fed birds was intermediate. The birds fed CW from 0 to 3 wk of age and WY at 4 to 5 wk of age showed significantly improved feed/gain ratio compared with the control, and this difference disappeared for the 0-to-5-wk period.
In agreement with our study, Onifade et al. (1999) reported that SC improved feed/gain ratio and BW gain. Valdivie (1975) reported that feed/gain ratio of broiler chicks from 0 to 9 wk of age improved significantly as the SC level in the diets increased. SC also decreased the colonization by Escherichia coli and increased Lactobacillus in the chicken gut (Sun and Li, 2001) . SC reduced the frequency of Salmonella colonization in broiler chickens with or without transport stress (Line, et al., 1997 (Line, et al., , 1998 . Improved intestinal lumen health was observed in SCfed male poults (Bradley et al.; 1994) as well as in 1-wkold male broilers fed SC CW (Santin et al., 2001 ). Several workers (Valdivie, 1975; Oyofo et al., 1989; Newman, 1994; Spring et al., 2000) reported that SC improved the efficacy of the immune system, improved intestinal lumen health, and increased digestion and absorption of nutrients, which resulted in better performance.
Shear Force of Meat
The effects of yeast (SC) components on shear force in raw and boiled breast and drumstick meat were shown in Table 3 . There was no significant difference in shear force in raw breast meats among all treatments. However, in raw drumstick samples, shear force of WY was significantly lower than in the control (P ≤ 0.05), and YE and CW were intermediate. For boiled meat, the shear force Means in a row with no common superscripts differ significantly (P ≤ 0.05).
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The 4 experimental diets were as follows. Because whole yeast (WY) and yeast extract (YE) are rich in protein they replaced soybean meal. The cell wall (CW) is rich in carbohydrate so that it replaced corn. The control diet contained 0% Saccharomyces cerevisiae WY (0.5% WY at the expense of soybean meal); YE = 0.3% yeast extract at the expense of soybean meal; CW = 0.3% yeast cell wall at the expense of corn. in breast and drumstick meats of WY-and YE-fed birds decreased (P ≤ 0.05) when compared with the control.
Tenderness is the sum of the mechanical strength of skeletal muscle tissue after rigor mortis and the weakening of the structure during the postmortem storage (Takahashi, 1996) . It is the most important textural characteristic of meat and has the greatest influence on consumer preference. Meat tenderness can be estimated by measuring the shear force; lower shear force indicates tenderer meat. Our study suggests that the dietary supplementation of SC could improve meat tenderness of broilers, although the underlying mechanism is not readily understood.
TBARS Values of Meat and Skin
There were no differences in TBARS values of breast meat (P > 0.05) among the 4 treatments up to 6 d of incubation (Figure 1) . At 10 d of incubation, the TBARS values of WY, YE, and CW were lower (P ≤ 0.05) than those of the control but were not different from each other. During 10 d of incubation, TBARS values were not different among WY, YE, and CW (P > 0.05).
Up to 3 d of incubation, no difference was found in TBARS values of drumstick meats among 4 treatments (Figure 2 ). At 6 and 10 d of incubation, TBARS values were lower (P ≤ 0.05) in WY and YE than those in the control but were not different from CW.
There were no differences for the skin TBARS values before 6 d of incubation (Figure 3) . At 6 d of incubation, TBARS values were lower (P ≤ 0.05) only in YE vs. in the control. At 10 d of incubation, TBARS values were lower (P ≤ 0.05) in YE and CW than for control.
The results (Figures 1, 2 , and 3) provide evidence that supplementation of SC to a corn-soybean meal base control diet could improve oxidative stability of broiler meat. It may indicate that there are some antioxidant factors present in SC or that SC supplementation may shift the oxidative fat (or fatty acids) profile in the meat. Some antioxidant factors in SC have been reported, such as glucose tolerance factor fractions (acts as an antioxidant; Ampel et al., 2000) and copper-zinc superoxide dismutase (acts as oxidation-retarding factor; Meyer et al., 1994) . The SC CW, which contains α-glucan, carboxymethylglucan, mannans, and some proteinous substances, has been reported to display relatively good antioxidative properties (Ferenčík, et al., 1986; Patchen et al., 1987; Real, et al., 1992; Hofer, 1995; Liu et al., 1997; Babincová, et al., 1999; Tsiapali et al., 2001) , the water-soluble derivatives of α-glucan (glucan sulfate and glucan phosphate) were the most effective free radical scavengers (Križková et al., 2001) .
Figures 1, 2, and 3 show that the rate of oxidation was the same in all treatments at the early stage of incubation. However, the oxidation rates were reduced in WY, YE, and CW compared with the control at the later stage of incubation, indicating that meats from chicks fed SC may Means in a column with no common superscripts differ significantly (P = 0.05).
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2 VCR = villus height/crypt depth ratio.
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Each value is the mean ± SD of 59 microscopic fields per segment with 6 birds per treatment.
contain less oxidative fat (or fatty acids). If an antioxidant from SC could retard the oxidation rate, the graphs should show different patterns at the early stages of incubation. At present, a clear explanation for an antioxidant effect of SC is not available, but it may well be that the oxidative fat or fatty acids content is different between SC-fed and control birds. Some investigators have reported that lipid deposition in broiler chicks (Akiba et al., 1982; Bolden et al., 1984; Mendonca et al., 1984; Takahashi and Jensen, 1984) or in laying hens (Akiba et al., 1983; Bolden and Jensen, 1985; Brenes et al., 1985; Takahashi and Jensen, 1985) fed yeast diets is significantly less than that in chicks fed a corn-soybean meal diet.
Ileal Mucosal Development
The effects of WY, YE, and CW on the ileal mucosal development in 21-d-old male broiler chickens are shown in Table 4 . Villus height was greater in WY-and CW-fed birds (P ≤ 0.05) than in the control and YE-fed birds. No significant differences were found in crypt depth among the 4 treatments. The VCR in WY-and CW-fed birds were greater than that of the control and YE-fed birds (P ≤ 0.05).
Changes in intestinal morphology such as shorter villi and deeper crypts have been associated with the presence of toxins (Yason et al., 1987) . A shortening of the villi decreases the surface area for nutrient absorption. The crypt can be regarded as the villus factory, and a large crypt indicates fast tissue turnover and a high demand for new tissue (Yason et al., 1987) . Histological examination reveals the crypts to be the place of epithelial regeneration (Paulus et al., 1992) . Additionally, several workers found a close correlation between the depth of the crypt and the proliferation rate of epithelial cells (Hampson, 1986; Jin, et al., 1994; Brunsgaard, 1998; Yasar and Forbes, 1999) . The number of proliferations and the epithelial cell turnover has great impact on the protein and energy requirement of the small intestinal mucosa (Simon, 1989) .
In the present study, a greater villus and greater VCR were observed in CW-and WY-fed birds compared with the control and YE-fed birds. This observation may partly explain the growth-promoting effect of CW. Santin et al. (2001) reported very similar results in that CW component of SC added at 0.2% of broiler diets significantly increased BW gains with a reduction in crypt depth and an increase in villus height.
Yeast cell wall is composed predominantly of complex polymers of β-glucans, α-mannans, mannoproteins, and a minor component of chitin. The mannans and mannoproteins represent 30 to 40% of the cell wall and determine the cell surface properties (Smits et al., 1999) . Spring et al. (2000) reported that pathogens with the mannose-specific type-1 fimbriae, such as E. coli and Salmonella, are attracted to the mannans and readily bound with the carbohydrate instead of attaching to intestinal epithelial cells.
This experiment appears to provide evidence that feeding of SC cell components to broiler chicks could improve growth performance, meat tenderness, and oxidative stability of meat. It is yeast cell wall, not yeast extract, that could improve ileal mucosal development of broiler chicks.
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